It has been reported that Japan may have many disordered pachinko/ pachislot players, and taking some countermeasures is required. This study proposes high-risk limits, an index developed by employing a calculating method of low-risk limits to identify disordered players and to contribute to the development of countermeasures. High-risk limits can be established by gambling disorder scale items and participation levels measured in a population survey. The study preliminarily examined how different high-risk limits could be established by using three commonly used scales: SOGS, PGSI and DSM-5. The sample comprised 522 registered panel members for a web survey company, who lived in the Tokyo metropolitan area and played pachinko/pachislot in the last year. They answered items on three gambling disorder scales and four types of participation, such as average monthly loss. Receiver operating characteristic analysis indicated that the three scales had same optimal limits for high-risk participation: average monthly loss of 20,000-50,000 JPY and the average monthly loss/yearly household income of 0.003-0.005. Logistic regression analysis confirmed that high-risk participation predicted the disorder irrespective of demographics. The results of this study suggested that high-risk limits can be established using the disorder scales commonly used in prevalence surveys.
Introduction
Japan is often described as a 'heaven for gamblers' (Manzenreiter, 2013) , where individuals can enjoy several types of gambling including horse races, boat races and lotteries. Although gambling is illegal in this country, the government still allows these types of gambling. Other forms of gambling existing in Japan are pachinko and pachislot. Although these are not officially considered as gambling games, their characteristics are similar to those of gambling games. Historically, these games have served as a great source of enjoyment for gamblers in reduce the negative consequences of gambling disorder and not to reduce the disorder per se. In 2006, the entertainment industry started to provide direct support for gambling disorder. A free telephone counselling service by the NPO Recovery Support Network (RSN) became available for those who were affected by gambling disorder as well as for their family. Although the number of individuals afflicted by this disorder was never quantified at that time, more than 1000 people seeking these services per year suggested that there were many of them (Recovery Support Network, 2011) .
Research pertaining to gambling disorder in the context of pachinko/pachislot began to emanate in the second half of the 1990s (Brooks Ellis, & Lewis, 2008; Endo, 2005; Manzenreiter, 1999) . We have described the gambling disorder attributed to pachinko/ pachislot as 'pachinko/pachislot playing disorder', and recent data suggest that Japan has a large number of individuals afflicted with this disorder. For example, at least 80 out of 100 patients suffering from gambling disorder encountered in clinical settings are reported to play only pachinko and/or pachislot (Harada, Inaba, Sonomoto, & Kumagai, 2010; Moriyama, 2008) . Further, the first national survey indicated that 9.0% of adult men and 1.8% of adult women were probable pathological gamblers; more importantly, 90% of these men played pachinko/pachislot (Toyama et al., 2014) . The authors pointed out that pachinko/pachislot was possibly one of the main contributors to the development of gambling disorder in Japan (Asahi Shimbun, 2014) . Although the Japanese government has not yet launched any preventive interventions, we believe that immediate priority in any potential intervention should be accorded to those suffering from the disorder. Williams, West, and Simpson (2012) reported certain practices that facilitate identification of at-risk or problem gamblers. For example, in an Austrian casino, excessive gamblers were identified on the basis of their participation level measured through their identification (ID) cards, and they received warning regarding the risk associated with continuation of play and/or were asked to set the self-exclusion option (EuroPriSe, 2011) . We believe that such practices may be feasible for pachinko/pachislot players. In fact, similar intervention can be implemented at pachinko/pachislot parlours using an IC card as an intervention. However, the indices of disordered participation need to be examined. In many cases, the lowest participation threshold for intervention seems to be decided arbitrarily and is set really high. Use of such indices will only reduce the yield of players affected by the disorder for the purpose of intervention. To increase the yield of players affected by the disorder, we should use reasonable indices formed on an empirical basis. The low-risk limits proposed by Currie et al. (2006) can be used to develop such indices.
The low-risk limits are thresholds of gambling participation that differentiate between safe and unsafe gamblers. Currie et al. (2006) calculated the limits to identify how much gambling could be afforded without accruing harm, based on the gambler's report of their participation and harm. On the other hand, it is important to determine the thresholds of gambling participation based on empirical data in order to identify the extent of gambling that can be afforded without accruing the risk of gambling disorder. These thresholds can be described as high-risk limits, which can be determined using Currie's method. Currie et al. (2006) developed a low-risk limits calculation method based on the method used for calculating the same for alcohol use disorders (Bondy et al., 1999; Room, 1996) . They first defined 'low-risk' for the harm of gambling (e.g. experience of less than two types of gambling-related problems or disordered behaviour). Based on the definition, they set a scale score that would separate 'low risk' from 'non-low risk' (e.g. the low-risk score is ≤ 1 and the non-low-risk score is ≥ 2). Then, they performed receiver operating characteristic (ROC) analysis to identify the optimal cut-off values (low-risk limits) to distinguish 'low risk' from 'non-low risk' for gambling participation. Finally, they performed logistic regression analysis after controlling for potential confounding influences in order to ensure the independence of low-risk limits from the effect of demographics such as sex. Using the Canadian national survey results, Currie et al. identified the following low-risk limits: playing 2 to 3 times per month, spending 501 to 1000 CAD per year, and investing 1% of gross family income. Like the low-risk limits defined by Currie et al., high risk can be defined in numerous ways. One way to define it is to use gambling disorder scales. In this case, the cut-off values of these scales should reasonably define high risk because these values identify disordered gamblers. If scores of these scales can be obtained through a large population survey, such as a prevalence survey, it is possible to establish high-risk limits that are applicable to general gamblers. There are, however, at least three commonly used gambling disorder scales as possible choices for defining high-risk limits (SOGS [South Oaks Gambling Screen], PGSI [The Canadian Problem Gambling Severity Index] and DSM-5 [Diagnostic and Statistical Manual of Mental Disorders, 5th ed.]：Williams, Volberg, & Stevens, 2012) , and each of them may have different high-risk limits. Traditionally, only one or two scales were used in a prevalence survey. In future surveys, collecting responses from all three of these scales would be unrealistic because of the strict restrictions on the number of questions that can be asked. Thus, this current study is a preliminary study with a small sample size to explore the viability of various definitions of high risk as high-risk limits and to assess the similarities of analysis results obtained by use of these definitions. In this study, besides cut-off values of the disorder scales, we selected one more category exploratory to define high risk, which was ongoing experience of significant harm from gambling. We used items pertaining to tangible harm from gambling to define high risk based on the notion that some individuals may exceed the cut-off values of the gambling disorder scales but do not actually suffer any negative consequences, such as the need to borrow money or interpersonal problems, and only items pertaining to motive or behavioural problems are applicable to these. Alternatively, others may experience negative consequences even when their scale scores are below the cut-off values. These items are included in the gambling disorder scales and usually categorized as items related to 'consequences of the disorder' (Volberg & Williams, 2011) . Differing from items related to motive, such as a sense of relief perceived during gambling, or items related to behaviour, such as chasing losses, these items describe specific adverse effects of gambling. Because the focus of consequence-related items tends to vary among different scales, we selected items from multiple scales to allow comprehensive measurement. More specifically, we selected four items from the PGSI related to health and other issues and two items from DSM-5 related to interpersonal and other problems. Using these items, high risk was defined in two ways: when ≥ 1 of the six items are applicable (Consequence 1) and when ≥ 2 of the six items are applicable (Consequence 2). Note that we excluded SOGS items because the time frame for its measurement was different from the other two scales. Table 1 shows the number of items and cut-off values for each definition.
Method

Ethics
This study was approved by the Ethics Committee of Ochanomizu University (Protocol Number 2014-106) . Prior to the survey administration, the participants were presented with a document that described the study objectives and the potential use of their answers, and confirmed the protection of their personal information; all participants were asked to accept the conditions. Only those who accepted these conditions were enrolled in the study.
Participants
We recruited the study participants in February 2014 from panel members registered for a web survey company. Residents of the Tokyo metropolitan area aged between 18 and 79 were selected for screening. The screening question was 'When was the last time you played pachinko/pachislot?' The participants were asked to indicate their response on an 8-point scale that ranged from 'less than a month ago' to 'more than 10 years ago'. Those who had played pachinko/pachislot within the preceding one year were eligible for inclusion. The resultant sample size was 522.
The sample comprised 446 men (85%) and 76 women (15%). Their age ranged widely from 23 to 76 years. The average age was 48.0 years. Subjects in their forties accounted for the largest proportion of the participants (twenties: 3%; thirties: 18%; forties: 36%; fifties: 28%; sixties: 13%; seventies: 2%). As for education, 59% of the subjects were educated up to university level (the largest segment), followed by graduate school (3.8%), two-year or technical college (4.2%), specialized or vocational training school (10%), senior high school (22%) and junior high school (0.2%). The household size ranged from one to seven residents; 73% of the subjects belonged to multi-person households. Among these, two-person households accounted for the largest segment (25%) and the percentage decreased with an increase in household size. Distribution of the annual household income showed a single peak at the 4-6 million JPY range. More specifically, the annual household income was less than 2 million JPY for 5%, 2 million to less than 4 million JPY for 17%, 4 million to less than 6 million JPY for 26%, 6 million to less than 8 million JPY for 18%, 8 million to less than 10 million JPY for 17%, 10 million to less than 12 million JPY for 9%, and 12 million JPY or higher for 8%. The average annual household income was 5.41 million JPY (Japan Ministry of Health, Labour and Welfare, 2015) ; this implies that our sample included many people who had a national average annual household income. 
Survey details
Gambling disorder scales In the following three scales, we replaced the word 'gamble' with 'pachinko and pachislot' because those are not considered gambling under the law and are not referred to as 'gambling' in related documents.
DSM-5.
We translated nine items pertaining to gambling disorder in DSM-5 (APA, 2013) . After converting these into question format, we used them to ask the participants about their disorder experience over the past 12 months. DSM-5 is a disorder measurement for diagnostic purposes and is designed for use in structured interview settings. The interview requires the interviewee to identify their past disorder experience in detail. Since our webbased disorder measurement could not allow such extensive review of the condition, we replaced the time frame 'in a 12-month period' with 'in the past 12 months' to improve the accuracy of the responses. Participants answered Yes or No to each question. 'Yes' was coded as 1 point. Since individuals who scored ≥ 4 points are considered to have gambling disorder in DSM-5, we set the high-risk criterion to 4 for this scale.
PGSI. We translated nine questions used in the gambling scale developed by Ferris and Wynne (2001) to ask the participants about their disorder experience in the past 12 months. The scale was administered in the same way as the original scale. Using the same answers and coding method as those proposed by Ferris and Wynne, we coded answers ranging from 'Never' to 'Almost always' on a scale of 0 to 3 points. In PGSI, 0 points means no risk, 1-2 points means low risk, 3-7 points means moderate risk and 8-27 points means problem gambling. In this study, therefore, we set the high-risk criterion for this scale as 8.
SOGS.
We translated 19 out of the 20 questions in the pathological gambling scale developed by Lesieur and Blume (1987) to ask the participants about their disorder experience. The scale was administered in the same way as the original scale. The questions were back-translated by a researcher specializing in English and a translation agency, and then used as a reference to rephrase the wording. The question that was excluded from the study asked whether the participant would issue a bad cheque as a way to borrow money. It was excluded because cheques are almost never used in Japan and questions about illegal conduct were against the ethical regulations of the web survey company. We used the same answer format and coding method as those proposed by Lesieur and Blume. Since they defined individuals who score ≥ 5 points as probable pathological gamblers, we set the high-risk criterion to 5 for this scale.
To define high risk using items related to tangible harm from gambling, we used the following six items: Items 8 (interpersonal, educational, or occupational problems) and 9 (asking others for a loan) from DSM-5, and Items 4 (borrowing money), 6 (health issues), 7 (receiving criticism on gambling behaviour), and 8 (financial problems) from PGSI. Note that Items 5 (awareness of gambling problems) and 9 (sense of guilt) from PGSI, and Item 7 (lying about gambling expenditures) from DSM-5 were not included because these are considered as behaviours that result from the negative consequences. The coding method for PGSI was adjusted to match that of DSM-5, and therefore the response 'Never' was coded as 0 and all other positive answers were coded as 1.
Pachinko/pachislot participation level
Frequency of play, amount of play, money spent (amount of loss) and the rate of loss to annual household income (expressed as 'loss/income' hereafter) were used as types of participation to determine the pachinko/pachislot participation level. All choices for participation are shown in Table 2 . Frequency of play measured how often the participant went to a pachinko/pachislot parlour in the past 12 months. The participants were asked to indicate their response on a 9-point scale ranging from 'once a year or less' to 'four or more times per week'. The amount of play determined the average amount of time per day that the participant spent at a pachinko/pachislot parlour playing pachinko/pachislot over the past 12 months. Specifically, they were asked 'In the past 12 months, how many hours on average did you spend each day in playing pachinko/pachislot in a parlour?' The participants indicated their responses on a 9-point scale ranging from 'less than an hour' to 'eight hours or longer'. We adopted these choices based on previous survey on pachinko/pachislot playing (Zennichiyūren, 2004) . For the amount of loss, the participants were asked 'How much did you lose compared to the investment in a month on average?' This question was designed to measure the actual amount of loss per month without taking wins into consideration (i.e. net loss). We adopted this variable as gambling expenditure because unsafe gamblers, which include disordered gamblers, tend to perceive gambling as 'a way of making money ' (Responsible Gambling Council, 2012) , and we believe they should be more sensitive to net loss than gross loss. The participants responded to the question on a 7-point scale ranging from 'no losses' to '200,000 JPY or more'. For each question, the lowest answer was coded as 1. The coded figure increased by one over each successive response category. Note that, for the amount of loss, two choices (no losses and less than 10,000 JPY) were combined to create a continuous spectrum of the amount. Loss/income was obtained using the midpoint value of each amount of loss and the annual household income choice.
Demographics
We asked the participants about their age, sex, education level and annual household income. For education, the participants were asked to select one response from the choices ranging from junior high school to graduate school, depending on their current level or the most recently completed level. Annual household income was the pre-tax annual income for all household members combined. Participants indicated their response on a 7-point scale ranging from 'less than 2 million JPY' to '12 million JPY or more'.
Procedure
We administered a web survey containing the above-described questions through the web survey company Rakuten Insight, Inc., which has one of the largest monitors in Japan. At a later date, the participants received points for the web survey company.
Analysis
We calculated high-risk limits by using the methods described by Currie et al. We defined 'high risk' for the gambling disorder at the same or higher level than the cut-off values used in the disorder scales. Based on the definition, we set a scale score that would separate 'high risk' from 'non-high risk' (e.g. for SOGS, the high-risk scores are ≥ 5 and the non-high risk scores are ≤ 4). We then performed ROC analysis to identify the optimal cut-off values (high-risk limits) that distinguish between 'high risk' and 'non-high risk' for gambling participation. Finally, to minimize the influence of confounding variables on high-risk limits, we performed logistic regression analysis after controlling for demographic variables to examine whether the high-risk limits predicted the high-risk score.
Results
Reliability and validity of each scale
The score on each scale had a sufficient reliability coefficient (Cronbach's α): .84 for DSM-5,.88 for SOGS and .91 for PGSI. To examine the validity of the scales, we calculated the correlations between the scale scores and participation (frequency, spending time and loss). For all scales, a significant positive correlation was observed: .20-.26 for SOGS; .27-.31 for DSM-5 and.19-.24 for PGSI. In this study, we used gambling disorder scales developed outside Japan. To confirm the cross-cultural validity of each scale, we examined the item endorsement rates (Appendix Figures A1 and A2) , the means of item scores (Appendix Figure A3) , factor structure and inter-scale score correlations (Appendix Table A4 ). For DSM-5, we analysed whether the participants' responses matched the description of DSM-5 (high response frequency for Items 4 and 6 and low response frequency for Items 8 and 9). Since DSM-5 was originally designed for clinical use, we selected participants with the disorder (score of ≥ 4) to calculate the rate of response agreement. The results showed that the participant responses generally matched the description of DSM-5 (Figure 6 ). For PGSI, we performed exploratory factor analysis to check the factor structure. The result showed that, like the original scale, the PGSI used in this study had a single factor (eigen value: 5.2; proportion of variance: 58%). For SOGS, we calculated the correlation between SOGS and other scales; the results showed significant correlations, which were consistent with those reported from a previous study (0.8 correlations between PGSI and other scales [Ferris and Wynne, 2001 ]) (Table 5 ).
Disorder score
Figures 1-3 illustrate the score distribution for each scale. For all scales, the lower the score was, the higher was the distribution. The average scores were 2.6, 5.2 and 5.6 for DSM-5, SOGS and PGSI, respectively. The average SOGS score was as high as the cutoff value (i.e. 5), possibly because the time frame for the questionnaire spanned their lifetime. Also, according to the SOGS score, nearly 50% of the participants had the disorder (Table 3 ). The average scores for PGSI and DSM-5 were lower than the respective cut-off values. According to these scales, approximately 30% of the participants were affected by the disorder.
To examine the relation between the scale scores and socio-economic status of the participants, we studied the relation between the scale scores and the education and annual household income levels of the participants. First, we found a weak correlation (r = -.11, p < .05) between the scale scores and annual household income only in PGSI. The PGSI score increased with lowering of the annual household income. For all scales, difference in education level did not significantly affect the scores. Although previous studies on gambling disorder (Volberg & Steadman, 1989 ) indicated a relation between low education and the disorder, the present study did not suggest such a relation. Table 2 shows the average participation level and frequency distribution. Note that the frequency for items selected by 10 participants or fewer was combined with that of an adjacent item; (for example, the amount of loss of 200,000 JPY or more was applicable to only six participants. Its frequency (i.e. 6) was combined with that of the adjacent item, 100,000 to less than 200,000 JPY, which was applicable to 22 participants. As a result, these two items were integrated into a range of '100,000 JPY or more' with 28 applicable participants). As a result, the average participation level was defined as playing 2 to 3 times per month, playing for 3 hours or longer but less than 4 hours per day, losing 10,000 JPY or more but less than 20,000 JPY per month, and having loss/income of 0.005 or higher but less than 0.007. 
Participation level
ROC analysis and risk curves
We performed ROC analysis of the scores for each scale to identify the optimal cut-off points (high-risk limits) for the four types of pachinko/pachislot participation (Table 3) . The area under the curve (AUC) for the amount of loss and loss/income was approximately 0.70, which implied a moderate diagnostic accuracy, whereas the AUC for the amount of play and frequency of play were < 0.70. All 5 definitions of high risk showed the same AUC tendencies and had identical cut-off values for all four types of participation: the amount of loss was ≥ 20,000 JPY but < 50,000 JPY; loss/income was 0.003 to 0.005; time spent on playing was ≥ 3 h but < 4 h; and the frequency of playing was approximately 2-3 times a month. We also explored the low-risk limits for pachinko/pachislot playing (Table 4) . In each scale, we set a definition of low risk when one or more of items were endorsed. Then we conducted ROC analysis. For all ROC parameters, the obtained values tended to be higher for the low-risk limits than that for the high-risk counterparts. It is worth noting that the AUC for SOGS was near 0.8; the amount of loss and loss/income resulted in larger AUCs than other types of participation level. While cut-off values for loss/income were the same between the low-risk and high-risk limits, the cut-off values for other types of participation level were either same or lower than the high-risk limits. Gender coding: male = 1, female = 2. 2Age: entered as continuous variables. 3Education coding: junior high school = 1, senior high school = 2, specialized or vocational training school =3, two-year or technical college=4, university=5, graduate school=6. 4Household income: entered as continuous variables. 5Coding of the average amount of loss per month: "20,000 to less than 50,000 JPY" or lower = 0, higher than "20,000 to less than 50,000 JPY" = 1, 6Coding of loss/income:
".003 to less than .005" or lower = 0, higher than ".003 to less than .005" = 1 Note 2 Both education and annual household income were measured on ordinal scales. Like the ROC analysis described above, theywere approximated to a normal distribution for reanalysis. In both models the results were similar to those obtained for the ordinal scales. definitions, the percentage of participants with the disorder was higher with SOGS as compared to that with PGSI or DSM-5. This is because SOGS measures the lifetime disorder experience. For harm-based definitions, the percentage of participants with the disorder was about the same between Consequences 1 and SOGS but relatively similar between Consequences 2 and PGSI and DSM-5. the percentage of participants with the disorder, but with some peaks and dips. In Figure 7 , a sharp dip is seen before and after 'About once a month'. Similar to Figure 4 , in Figures 5 to 7 , the percentage of participants with the disorder was high for almost all types of participation levels in Consequences 1 and SOGS; however, it was relatively low and about the same between Consequences 2 and PGSI and DSM-5.
Logistic regression analysis
Logistic regression analysis was performed to confirm that the high-risk limits obtained above predicted the disorder irrespective of the demographics such as sex and age. Dichotomous variables for the disorder were used as dependent variables. They were obtained from each scale by dividing it into two at the high-risk criterion and coding the score of each half (for example, in the case of SOGS, a score of ≤ 4 was coded as 0 and that of ≥ 5 was coded as 1). Demographic and dichotomous variables for participation were used as independent variables. The dichotomous variables were obtained for each participation type by dividing each scale into two at the high-risk criterion and coding the answer of each half (for example, in the case of the amount of loss, the loss of '10,000 JPY to less than 20,000 JPY' or lower was coded as 0 and the loss of '20,000 JPY to less than 50,000 JPY' or higher was coded as 1). Sex, age, education and annual household income were used as demographic variables. In previous studies (e.g. Toneatto & Nguyen, 2007) , those affected and those not affected by gambling disorders were found to exhibit some differences with respect to demographic variables. Currie et al. (2006) also used these variables in their analysis. They examined the following three analysis models: a model in which the demographics were the only independent variables (Model 1), a model in which each participation type and demographics were used as independent variables (Model 2), and a model in which all participation types and demographics were used as independent variables (Model 3). In this study, we used Models 1 and 2 since the amount of loss and loss/income lacked independence from each other at a high correlation of.82 (p < .01). In Model 1, sex and age significantly predicted the disorder in multiple scales. In Model 2, the amount of loss and loss/ income significantly predicted the disorder independently in all definitions (Table 5) . For example, in all definitions, players who lost 20,000 to less than 50,000 JPY on average per month were about 3 to 4 times more likely to have the pachinko/pachislot playing disorder than those who lost less than 20,000 JPY on average per month. Furthermore, in all definitions, players whose loss/income was 0.003 to less than 0.005 were about 4 times more likely to have the pachinko/pachislot playing disorder than those whose loss/income was less than 0.003. Note that the variable inflation factor was < 2 for each variable, which indicated lack of any issue related to collinearity among the covariates.
Discussion
In this study, we explored high-risk limits for the pachinko/pachislot playing disorder using five different definitions of high risk and four types of participation levels. ROC analysis indicated that the amount of loss and loss/income produced appropriate AUCs and all five definitions had same high-risk limits for these participation levels. More specifically, the amount of loss was ≥ 20,000 JPY but < 50,000 JPY, and loss/income was 0.003 to 0.005. Logistic regression analysis confirmed that in all five definitions, highrisk participation predicted the disorder irrespective of demographics. While the sample size for the present study was small, the prevalence was still high because the participants were panel members for a web survey company . The sample included a sufficient number of participants affected by the pachinko/pachislot playing disorder, which allowed us to explore the high-risk limits. The sex and age distribution in the current study were similar to those presented in the Leisure White Paper (Japan Productivity Center, 2014), in which a larger sample was obtained under the same condition (i.e. experience of playing pachinko/pachislot in the past 12 months). Male respondents accounted for a larger proportion of subjects in the current study as compared to that in the Leisure White Paper (85% versus 71%, respectively); however, in both studies, the age distribution was unimodal, peaked in the forties and covered a wide range. Although the generalizability of the current study is limited by the fact that all participants lived in the Tokyo metropolitan area, the study results will still provide useful information when establishing high-risk limits in a large population survey that may possibly take place in the future.
We started with four participation types (including the frequency of play), but only two of these (amount of loss and loss/income) had an AUC consistent with appropriate diagnostic capability. This is attributable to the strong relation between the economic status and the disorder. As pointed out by Currie et al. (2006) , 'The impact of gambling depends ultimately on the gambler's financial means.' Note that Currie et al. included two economic indices in their low-risk limits: gambling expenditure and percentage of gross income diverted to gambling.
Regarding expenditure, we adopted the amount of loss compared to investment (i.e. net loss) rather than gross loss on the ground that disordered players seem more sensitive to earning money. From the other point of view, as one of the SOGS item says 'disordered gamblers tend to claim their winning money', they may remember much more about winning money (turnover) than winning money compared to investment (net loss). To calculate more accurate high-risk limits, we should consider disordered players' perception of money and examine various types of expenditure in future research.
One way to define high risk in the current study was to use the cut-off values of gambling disorder scales. We used three commonly used scales for this purpose. Although the questionnaire time frame varied among the scales (SOGS: lifetime; PGSI and DSM-5: past 12 months), the resulting high-risk limits were the same for all three scales. The validity of this result is supported by the strong correlation between prevalence rates measured using two different time frames . Among the prevalence surveys conducted around the world, Williams et al. selected the ones in which prevalence rates were obtained for two different time frames using one scale, and indicated that the correlation between the prevalence rates was .92. In this study, the correlation between lifetime disorder experience (SOGS) and disorder experience in the past 12 months (PGSI and DSM-5) was relatively high (approximately .7). This is believed to have contributed to the same high-risk limits across the scales. The fact that the three scales resulted in the same high-risk limits suggests that high-risk limits can be established based on past prevalence studies as long as the participation level was also measured.
In countries like Japan, where large population surveys are possible, more reliable high-risk limits can be calculated for population subgroups such as high-risk limits disaggregated by sex. For example, studies have shown that the prevalence of gambling disorder greatly differs between men and women in Japan (Toyama et al., 2014) . Under these circumstances, establishment of sex-specific high-risk limits will not only have more practical use, but also may lead to more accurate identification of individuals with the disorder. Future surveys should be designed for a large enough sample size to determine high-risk limits for each sample subtype.
Another way to define high risk in the current study was to use tangible harm from gambling as a criterion. We used tangible harm from gambling to define high risk because it is possible that individuals experience significant harm despite their scale scores not reaching the cut-off values. We used two types of scale items to represent tangible harm: 4 items of PGSI and 2 items of DSM-5. This was intended to widely capture harms compared with only one scale. However, these 6 items could not comprehensively cover tangible harm caused by gambling. For example, 'illegal acts for gambling' was not included as in the Problem and Pathological Gambling Measure (PPGM) (Williams & Volberg, 2010) , which relatively covers significant harm caused by gambling. In our study, the high-risk limits for the 6 harm items were same as those for the scale cut-off.
1 If we could use comprehensive harm items to calculate high-risk limits, it would presumably increase the probability of providing lower high-risk limits than those provided by the 6 items.
To explore not only high-risk limits but also low-risk limits, we defined one or more items endorsed on disorder scales as low-risk and performed ROC analysis. The results showed that the low-risk limits produced more favourable ROC parameter values than high-risk limits. Considering the fact that the parameter values were relatively high for the low-risk limits developed by Currie et al., our analysis results may suggest that the level of participation can easily predict minor harm but not significant harm. In fact, the Pathways Model developed by Blaszczynski and Nower (2002) points out the existence of individuals with gambling disorder whose participation level is not necessarily high. In our ROC analysis, the low parameter values for high-risk limits may be attributed to the presence of this type of participants. To identify individuals with the disorder more accurately for disorder alleviation measures, use of additional indices together with the high-risk limits should be considered, including assessment of the characteristics of individuals with gambling disorder such as depression and anxiety (Blaszczynski et al, 2002) .
Conclusion
We conducted a preliminary survey to establish high-risk limits for the pachinko/ pachislot playing disorder using the method developed by Currie et al. (2006) The study result suggested that high-risk limits could be established using the disorder scales commonly used in prevalence surveys. As an index developed based on the empirical participation level, high-risk limits may help device interventions to alleviate disorders caused by gambling at casino or EGMs that involve the use of an IC card.
